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Computed Tomography Fusion Imaging-Guided EVAR Reduces Radiation: The Results of a Prospective Radiation Evaluation During EVAR (REVAR) Objectives: We performed a multicenter, prospective observational study evaluating radiation exposure during abdominal aorta aneurysm (AAA) endovascular repair (EVAR), performed under intraoperative guidance with preoperative computed tomography angiography (CTA) fusion in a modern hybrid room.
Methods: Between February and November 2016, all consecutive patients with AAA treated with a bifurcated infrarenal sealing endograft in a hybrid room under fusion imaging-guidance were prospectively enrolled with full patient consent in six aortic centers (United States, n ¼ 1; Japan, n ¼ 1; and Europe, n ¼ 4). Patients with planned additional procedures (ie, embolization of an internal iliac artery, adjunctive branch endografting, etc) and patients treated in an emergency setting were excluded. All centers underwent initial training and monitoring and used a common dose protocol for both fluoroscopy and angiography following the As Low As Reasonable Achievable (ALARA) principles. Demographic data including body mass index (BMI), indirect dose-area product (DAP), cumulative air-kerma (CAK), and variables influencing dose delivery and contrast media volume were also collected. Results are presented as percentage and 95% confidence interval, or median with interquartile range (IQR).
Results:
The study enrolled 85 patients (90.4% men). Median age was 75 (IQR 69-81) years, and median BMI was 27.4 (IQR 24.7-30.6) kg/m 2 . Median time to prepare the fusion mask on the workstation was 5 minutes, and median registration time was 4 minutes. Median DAP and CAK were respectively 14.7 (IQR, 10.0-27.7) Gy.cm 2 and 107 (IQR, 68.0-189.0) mGy. Median contrast medium volume was 47 (35.0-70.0) mL, equivalent to 14.1 (IQR, 10.5-21.0) g of iodine. Primary technical success was 100%, and additional unplanned procedures after the completion angiography were performed in 13.4% of cases. Median DAP per center were, respectively, 28.1 (n ¼ 16; IQR, 12.6-47.1), 15.9 (n ¼ 11; IQR, 11.9-22.5), 14.2 (n ¼ 12; IQR 10.9-25.7), 20.2 (n ¼ 18; IQR, 7.0-39.5), and 10.3 (n ¼ 27; IQR, 8.2-14.7) Gy.cm 2 (P ¼ .015). Conclusions: After a brief training and following the ALARA principle in a modern hybrid room, low levels of radiation and contrast medium volume were achieved by all teams. This demonstrates that previously published low dose reports during EVAR are achievable in most centers. CT fusion guided EVAR can significantly reduce radiation to both the patient and the operator.
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A New "Angle" on Aortic Neck Angulation Measurement Mark Rockley, Prasad Jetty. University of Ottawa, Ottawa, ON, Canada
Objectives: There is growing evidence that severe infrarenal aortic neck angle is an important predictor for EVAR failure. While the gold standard to measure this important angle is a three-dimensional (3D) centerline measurement, many surgeons rely on estimations of angulation based on coronal and sagittal computed tomography (CT) views. Unfortunately, neither of these 2D views accurately represents the true angle (Fig 1) . In response to this need, our group has developed a novel trigonometrybased formula (the "paired angle formula"), which uses coronal and sagittal measured angles to calculate the true angle (Fig 2) . This study aimed to compare the novel paired angle formula with gold standard 3D centerline measurements for estimating the true aortic neck angulation.
Methods: Fifty randomly selected patients treated by EVAR at The Ottawa Hospital between 2010 and 2015 were studied. 3D centerline aortic neck angle measurements were made by radiology staff using Aquarius iNtuition. The paired angle formula was applied by a vascular surgeon, resident, and student using 2D coronal and sagittal angles from CT imaging to estimate the true angle.
Results: Of the 50 patients selected, 47 had preoperative and postoperative CT imaging. The average age at time of procedure was 78 years; 74% of patients were male, and average preoperative aneurysm diameter was 5.73 cm. The average pre-EVAR neck angulation estimated by 3D reconstruction was 39.9 (2 -84 ) compared with 41.1 (7 -89 ) by the paired angle method. Continuous analysis: A total of 94 scans were analyzed, of which 93 were performed with contrast. Linear regression found that 3D centerline aortic neck angle measurements were significantly and strongly associated with paired angle formula estimates from all three users (R 2 values range, 0.92-0.96; P < .0001). Average user estimate deviations from true angles ranged from À5% to +19%. Categoric analysis: The paired angle formula accurately predicted severe angulation (>60 ) in pre-EVAR scans for each independent observer when compared with gold standard measurements (P < .001). Interobserver agreement: The paired angle formula was reliable across observers, as the interobserver agreement was high. The Pearson correlation coefficient was calculated as 0.87 for the resident and 0.88 for the student, with the surgeon set as the standard.
Conclusions: This study demonstrates that the novel paired angle formula accurately and reliably estimates the true infrarenal aortic neck angle. The formula also emphasizes the fact that the true aortic neck angle is larger than an isolated 2D view. Furthermore, this relationship is nonlinear, and may have severe medical and possibly legal implications if not appreciated in EVAR planning. Author Disclosures: P. Jetty: Nothing to disclose; M. Rockley: Nothing to disclose. Objectives: Fusion of computed tomography (CT) angiography (CTA) images with fluoroscopy have been demonstrated to provide additional guidance and save iodinated contrast agent during complex endovascular procedures. Image fusion can be achieved with a threedimensional (3D) technique after a noncontrast cone-beam CT acquisition or with 2D-3D technique after acquiring two fluoroscopic images acquired at least 30 apart. The primary objective of this work was to illustrate context-based 2D-3D image fusion techniques individualized to specific endovascular interventional scenarios.
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Context-Based 2D-3D Vascular Image Fusion
Methods: Between August 2016 and January 2017, all patients who underwent endovascular interventions using 2D-3D image fusion guidance in a hybrid operating room (Artis Q floor, VD11; Siemens Medical Solutions USA Inc) were included. Preoperative CTA images were imported, and relevant vascular landmarks were electronically marked. CTA images were then fused semiautomatically with two noncontrast cine acquisitions acquired at least 30 apart. Landmarks from CTA images were overlaid on live fluoroscopy to provide image guidance. Time needed for 2D-3D image fusion, structures used for alignment, additional radiation during image fusion step were noted.
Results: Eight patients underwent endovascular interventions using 2D-3D CTA image fusion guidance. Median time for 2D-3D image fusion step was 3:08 minutes (range, 2:19-7:11 minutes). Median angulation between two cine images acquired for image fusion was 58 (range, 41 -90 ). Median radiation dose from 2D-3D fusion was 52.43 mGy-m 2 . In seven of eight procedures (87.5%), 2D-3D image fusion and overlay of landmarks from CTA on fluoroscopy was successful. Fluoroscopic overlay of landmarks from CTA images was helpful in optimizing working projection (n ¼ 6), cannulating vessels (n ¼ 5), and fenestrating septum to embolize false lumen (n ¼ 1 ; Fig 1) . One of the key lessons learnt from using this technique is "procedural context-based alignment of structures" during 2D-3D image fusion. Based on the availability and procedural context, we propose aligning vascular calcifications, wire, pigtail (Fig 2) , pre-existing stent graft, stents visualized in CTA with fluoroscopy in lieu of aligning rigid spine and pelvic bony landmarks.
Conclusions: Our study illustrates the technique of context-based 2D-3D vascular image fusion technique with using vascular structures as landmarks during image fusion. Such approaches optimize and can further streamline 2D-3D image fusion techniques that are conventionally based on rigid alignment of spine and pelvic bony landmarks. 2D-3D image fusion is another lower radiation alternative to integrate preoperative CTA with fluoroscopy in cases where 3D acquisition is challenging. Objectives: We describe a strategy to decrease patient and staff radiation exposure and enhance patient safety and therapeutic efficacy using an ultrasound-guided technique, and illustrate a technique for maintaining procedural safety. angles. c, Overlay of landmarks on fluoroscopy after 2D-3D image fusion guiding the fenestration and access into the false lumen for coil embolization. and right anterior oblique 47 with pigtail in the aorta and a wire in the aberrant right subclavian artery. c, Overlay of vascular ostia after image fusion (vascular plug, yellow arrow; right vertebral artery, blue arrow).
